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dov.rus, requinng helper functions from either a Zn T Vanety of s P ecies - AAV is a deoen- 

absence of either of these helper vZs wTrtZ cL, ^ *" ** itS ° W " ^cation, i^the 
genome ,nto the host chromosome, but ^M^Z^J^^-" 1 , *" ""^ a " d inte 9 rate " 

The genome of AAV has been rinn.w • * p " care or P r °auce new viral particles. 
9 enome consists of 4682 ^^ZS^.^^^ *" " viml 
repeats serve as origins of DNA ^Bpfc«i^^^^ , ^ t . 0, 145 «»» each. These term J 
have enhancer functions. The rest of the J^^^TT^ 9 ^ a ' S ° proposed «* they 

he In h 6 V,ra ' 9en ° me Contains tn * ^ total^t?" ^ 9ene expression - The 
the rep and capsid proteins of AAV function in trll?* struct "ral capsid proteins VP1, VP2 and VP3 Both 

MV virus is considered an hZEZS^? 9 ^ replica «°"- 

manner. Recombinant AAV ^Z^ZZ&'ZTT 1 ^ *"* " haS been used «» 
to carry exogenous genes into cells of a vJ££?!£l" In h" ° f ,ab ° rat ° rieS and have b «^ «** 
of AAV are de(eted from the v . a| replaced with a dna « VeCt ° rS ' ^ and/or W 

accommodate up to 4300 bases of desired DNA To nTake a 9ment 0f choice - Current vectors can 

days after transfection. recombinant AAV virus wISr^SyT 0 recombinant AAV construct. Threo 

tm recombinant virus is to be mM , Moi ^,^T"* ? ' e f»"b'nam AAV plasmtd is ragged each 
due lo In. indent inelSeienev ol cwnwSSEta ""^o 1 ™" 1 *w » WMwJ Mum 
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variety of mammalian cell types," Mol. Cell. Biol. 8:3988-3996. 
SUMMARY OF THE INVFNTir> M 



lacking a functional AAV rep gene ^ comprising exogenous genetic material and 

ir;' pXme^ MV *** comprises: 

P-asmid coVnit: ^^^^^^7^ ^ ^ " Ba " 
» the order given in the 5'-3' direction an Epstein ^n^*?**** 1 * 1 VBCtor Which 

(EBV) latent origin of replication W^STn^J^ an, ' Ban ^ a " Epstein Ba " virus 
exogenous genetic materia, and lacking X^^ZZZ" 00 '^ ^ ^ 
transfecting a host cell line with the EBV olasmirt tn ^ \ 
= ng the transfected ce,. .ine *\™£X£ST* & ^ ~ 
*nc2£? 8 tranS,eCt8d h0St Ce " ^ - -^Pe adeno-associated virus helper 

plating the AAV vector from the cell growth medium 

= a gene for the Epstein Barr virus nuclear Low VeSS ^Sru ^ST* com P rises in »» 5'-3' direction 
vector containing exogenous geneSc 

marker, can be present in the EBV plasmfd Ue TZo^Z^TT^ ^ ** * 
» then grown in a cel. growth medium the AAV wctor befnn m T I s tra " sfected into a host cell line which 
growth. After an appropriate period o Mi™ Z Wa ortl 
» adenovirus or herpes virus helper functions Z'kTimT^ JT " W ' ,h 3 source °' 

genetic information to provide the missing repliSonTunrlZf T*f " ° X ^ e) and with sufficie "t 
The desired AAV vector containing eXeXus 

medium. W " ,m ° exo 9enous genet.c material is then isolated from the cell growth 



35 DESCRIPTION OF THF np^^ 



50 



55 



specification, wherein: combination with the drawings that form part of the present 

^ispREIIPJic^THEsp^^ 

assocLrTus (^'veclo^ T am ° Un,S of ™ombinant adeno- 

properties of Epstein Barr virus fEBVl n.« mi H "JZL " ™ PraCt,Ce °' the invefrti °n 'ely 

in part on 

««*■ « «.lono mous lv -eplfciing nSSfl^nl presence ol Ihe EBV „,ciear antigen (EBNA) 
«*» EBV vector ta UJ, "ebv D SLT U9 '' amPlito "°" »' viral S8 « 

— ^id-type „v „ ? ca zcr Jr^s^rrs 
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ensues and the .amplified genomes are packaged as viable transducing vectors 

it* — ~ over 
invention, permanent ceil Ine^conJ^^^ VifUS - ^ the system of the 

5 lines may be used continually as a stable source c^Zlw A f V . 9enome are constructed. These cell 
inefficient plasmid cotransfections evJ^^SnlS^^ ^ ° bViatin9 the " eed ,0r rela,ively 
binant EBV p.asmids, once es^elnZ^TTJZ sT/* ? ? FUrtherm ° re ' recom - 

lines containing intact copies of the chimeToSid 1 h struc ^Hy '°r at least three months, and 
other hand, suffers a very high rate of ootn an H rT b<> Saeened - Newly transfected DNA, on the 
» which rely on repeated Jnsfelno, IKS SSl" - ?? ^ SyStems 

v,rus. This consideration is especially important if a TrrTh n ? * P * 6 3 h ' 9h ,rec > uen cy of mutant 
protocols. P y mP ° rtant ' f 3 recom b'^nt virus ,s to be used in vivo in gene therapy 

The present invention uses a chimerir aav/prv * . . 

copy number in a cell .ine perm* ^ 

is vectors. This is in contrast to s^^^^JZTT^ **" * ^ h ° St f ° r EBV p,asmid 
type or recombinant AAV virus integrate as tanS aT 1 ? fhat mu,tiple copies of w '' d 

Cheung, A.K.. et al "Integration ofth! ah ! V * fraCti ° n ° f infected De *°* 6 cells. See 
infected Humanist S? J ^S^Z^^?™* ^ C ° M * DNA * latent* 
cells upon adenovirus infection ^J^^^T?? T ^ ^ fr ° m Detroil 6 

« of recombinant AAV virus. However the presem invent™ h, ? k 6 P °' mX ,0r ,he 9eneration 

host cells, such as human 293 eel* S^^^TS^-nT" °, ^ tand6m inte9ration of ™ in 
of recombinant virus were obse^ed in suTh Z S 2 i a. T ? ^ ° n ' y Si " 9,e copies 

rarely seen. Therefore, the AAV/EBV cZtic vL « ° UP ° n 3den ° ViruS su P^infection was 

With the system of the lmJ*%2^a^J^ "! ™ SUi,ab ' e ,0r ' ar98 SCa,e a PP'^ions. 

• is efficient. Moreover, it allows the'use oThost C et such as 293 S ""P? *** ^ ° f the p,asmid 
expressed and which produce larae nuantilL «f ' I f ' Wh ' Ch are easily of ^nsfected and 
represent a less pn^^^lSS, " Wh " e inte9ra,i ° n h P ° SSible " inte9 ' ated -Cors 

<*~M^ - - p -"t invention contained 

7 vectors failed to remain as plasmids Tt^t^^X^ 7 ' CaSS tested ' these 

the EBV vector. Plasmid maintenance was onlv ob S k U ° nentati ° n ° f MV construct within 
from the recombinant AAV getmeTnThe presenc Z t Z ?" "* ,UnCti ° ns Were elimina * d 

encoded proteins appear to^J^£!^ rt ^» f9p 9enes ' tne 9 enes themselves or their 
with the expression 'of the E^A^seu^ oTT^ *"> ^ have interfered 

maintenance. Such negative regulation of ^^Z^^S™? *** " eSSM f ° r p,asmid 
Accordingly, the AAV vector portion of thfaene^ ron,t T , T Previ ° US,y for otner syste ms. 

either the rep or capsid protein genes """"""^ ^ miSSin9 a " 0r portior1s of 

of ^s^rs?cc rsL-tr jts? o, r invention has the capawiity 

levels of contaminating wild-type AAV vlL awSS S Jl!?' ^ S, ° CkS h3Ve ""Actable 
high levels of recombinant virus higher levete a T!2JSf,r^, deSCr,bed h6re 9e " erate Stocks with 
provides for only the transient ^SZ^^S^^T^'^ ^ ^ SyStem Sti " 

AAV functions. This situation can be^mS^fnr * a " d , Caps,d genes ,n order to supply needed wild type 
stoichiometric^ for the ^^S^^^ ° f MV C3PSid proteins which « -quire'd 

thatch TZZXXgZ CcT? * ^ ^ ^ ^ hUma " 

without complex media nJmZ^J^^VT g8toCtad <0r 6336 of 9rowt " 

maintenance of the highest poss^ ^V-Mvl^ 9 °!1 ° f C,0neS • h ' 9h C,0nin9 efficienc V- a " d 
293, HeLa. KB and JW-2 cete^ i!^ ^ P,aSm ' d C ° Py number Example ce » ^ delude 

and KB ceils are *Z^^Z£ Zo^T^ ""f^ * 6Xamp,e ' 293 Cells ' HeLa 
wh,haret_ 

viral DNA replication ^JL^SZ^ ^ ** *" ^ fUnCti ° nS ^ re9Ul3te 
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Examples of typical gen e tic 

reading frame errors in this region and I DoinTm! Zl 1 T ' ° f 9e " e,iC material that c ^ 

system can readily be te ted for' a L ol l T ' d ' SrUPt the rep ' iCati0n function - Anv vector 

5 infected cells and examilg nS^ZSTZX, TT ? tranSfeCtin9 ** C ° nStruCt int0 adeno -- 
a wild type gene is ^r^^^Z^Z^^ ~" — " 

recombinant AAV construe There^s ZZlZT*" 9 ™ ° f MV muSt be ^ " "» 

w recombinant plasmid vector exo 9 enous ^netic material that is included in the 

assoIL~^o^ add "°" to the recombinant adeno- 

recombinant plasmid to functo Tn ^ the ^nneTde c ibedT J" ^ *" VimS t0 allow fhe 

the form of a complete ^SS^'^^^j?^ W ' th adenovi ™ or herpes virus, typical.y in 
wild-type adeno-associated ^^2^ 3 P ' aSmid °' °* her ™ X °< 

herpes Z tSTT^ 9 *** """»*"« or 

name.y either ^JiS^^ I Zs HoTever » r ^' ^ are 9eneral * P™ d ° d . 

plasmids containing the helpers ^Si^sJ^T'w . \ ** P ° SSib ' e t0 pr0vide ™ombinant 
there is no reason to belfeve thaus of' reCOmb . ,nant plasm,ds are commercially available, but 
Proving helper t**^ZZ 1 ™" « — > as .el, as 

ha V etr2ed v:z s zi^°:^ - - . « 

with a plaS mid containing the -pp^^S^' " tyP ' Ca, ' y d0ne *» M ^ the «■ «"• 

Spec,f,c examples of the individual steps described above are set forth in th„ m,. 
However, it will be apparent to one of ordinary skill in the art th* Zl IV ° Wn9 exam P |es - 

the examples are provided for purposes of 1st aton It h V m0d,f,cat,ons can b ° ™«e, and that 
specified. Purposes of illustration only and are not l.miting of the invention unless so 
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Plasmid Constructions 
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the latent origin ^f^T^^jf^r^^ T "T*" «** »™ 
Epstein-Barr Virus in Various Mamma Lian Ce,5 ^^l^JS^ST ^ * 0m 
That Replicates as a Plasmid and r« ph .i^'frr 5 313 - 812 ' 815 and Sugden. B., et al., "A Vector 
Barr Virus." Mol. (^^s^f^^^JT^ ^'^P^asts Transformed by Epstein- 
allow selection in mammalian cells Len SoTift° Tfn ^ hy9r ° mydn B reSiSta " Ce 9ene to 
hygromycin resistant transits canT .£ .1 • I ^ ' nt ° 3 number of human cel1 

inserting the partial BGIII fraament (mm n^Mn^ , , n ,ne F, 9 ure - p220ASMneo was constructed by 

into the BamHI poMin Zr TTrtSZ v? PfM)f kn ° wn ' ^ombinant AAV vector 

into ,220.2 to ^p^ -tor ARCMSVapo was cloned 

of ARCMSVapo in P 220.2. All X^T^T^r or hi * ^ T ° rientati0nS 

To construct P 220ARCMSVapo 14 anT 15 pARCMSVa^ ^ ^ ca P sid Actions of AAV. 
pARCMSVapo was constructed by InM^J^SST^^^ " intermediate - Brie «^ 
Cone. The Murine sarcoma vi.s LTR L ^ rt JET ^TT^ZZ^ 
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Example 2 

Cells: growth and maintenanoo 
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Human 293 cells, available from the ATCC at rai ikt-j 
Eagle's medium (DMEM) containing 10% fetal ca^sfum and innT./T"^ Du ' beCC °' S modified 
were grown in a humidified 37 degree incublr sunnipT « i ^ Pen ' Ci " in and s ^Ptomycin. Cell 
resistant 293 ce.ls usually ^7TJ!^SST^T 5% C ° 2 Selection of "ygromycin B 
selection process, the cuLe medium SjE^^^^™^ 9 * plasmids " T ° ™ the 
ug/ml hygromycin B or 1 mg/ml G418 wis Tdded Thp f ^ mediUm COn,ainin 9 ^ 200 
selection process was compfete. 293^^^ M ^ 

tamed ,n culture medium containing the appropriate selectivTdruo ' ^ COnStantly mai "- 

^^^:J^^X^Z^ S T - '» - P-* and 
cit, except that 1 x 10* K562 cells we e STT-Jf* ? S 38 de$Cnbed by Lebkowski « al., op. 
efficiencies were determined by ^ 0f an * 9iven viral stock. ViraUnf7ctio7i 

Lebkowski etal. mon.tor.ng 6418 res.stance frequences in the manner described by 
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-^s^^ « ^.e 

hygromycin B, whereas cells transform^ 2 Sl ^ P , 5 WWe Se ' eC,ed in the P res <™e °» 
drug-resistant clones containing *" ^ G4m ,ndividual 

Pools of greater than 100 indLual 293 ^, 0^ iTZ^ T ^ ** ex «^°"- 
resistant clones. These pools are referred to as "populatTons - * r6PreSent 3 P ° pulation of dru 9 

Cells transformed by the three aav/fr\/ * 
chimeric plasmid. ,n these ^S^ut^^^ ** 3U, ° n0m0US,y re P ,icati "9 

using the procedure of Hirt. The extracted Dm ZZ £ ™ 9 * DNA was extrac «ed from selected cell lines 
bacteria were selected in the presence of amni. n T ' nt ° - ^ Strai " HB101 " and transformed 
with individual bacteria. coJ^^ < i^S^^T iS °' a,ed ^ CU ' tUreS in ° CU,ated 

Plasmid P 220SMneo cou.d be °" **• 

Plasmid DNA that was isolated from indivwJTbacteriaTS^^ re.ntroduced into E. coli. The 

DNA from 7 individual and one popuW^S^SSiSS^; .f^ W " h ^ molec,jl ^eigh. 
Hirt extraction, these G418 resistant 293 eel s had b ^ n °nfl ^ d be See " ° n the 9elS - At the «"» ° f 
restriction ana.ysis of the isolated oSmids vieltd nwl f ' ** °"* 2 ,n a " instance * 

9-7 kb. Such results indicate ^SS!^J!!^!ST* ? *** " 0 5 ' 2 8 and 

The rescued p.asmids were a.s ' idScTh ^te and '"^ 353 p,aS 7 d in ,he G41 8-resistant 293 ce.ls. 
suggesting that the plasmid did not IIL^T * *" ° ri9inal P 220 SMneo, 

cells. These observations were £££ IT? , * dU " n9 r8SidenCe in ,he mammalia " 

weight DNA isolated from the v«ZSlS^^^^ ° f Hi " dIII -tricted, small molecular 

Similar analysis was performed on hygromycin-B-resistan» ?<« ^ 
generated using the plasmids p220ARCMSVaiS 4 Z ff a I ° * 8nd po P ulati °"s that were 
hygromycin-B-resistant 293 cell ithaHad Ue^S cui^l f o ' ^ 3nalySiS W3S performed °" 

of p.asmid DNA isolated from bacteria, ^^7^^^'^'** 
hygromycin-resistant 293 celte S be seen in 1™ ™ * Sm3 " m °' eCUlar wei9ht DNA f ™ 
p220ARCMSVa P ol5 293 ce.Uon* Ao a !n Tn aH of 2 9 " 35 C ° U ' d ^ P ' aSmid reSCued from two 
P 220ARCMSVapo 14 and 15 J^celte t'L „1 CaS6S ; P ' 3Smid °° M be rescued ^ the 
P 220ARCMSVapo 15 was alsc TobseL h T " ! 6 ' C '° ne 15 " 3 ' a " addi,ional dele '^ ^rsion of 
transfection. S6rVed ' be " eved t0 re P resent a which occurred shortly after 

product ^Mn^nTon 72^?" ^ ° f 293 — 

a » stances, unrearranged ^^.i^^^^ ^ «" 
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tttzx z^szzi ^ur on, t y u — — - — 

months after the establishment of the t^ J^Z^7 " *" P22 ° SMne ° plasmid 
bacterial colonies. In each case only unrea'anSed oZm ^ * UC * UW fr ° m 36 ^nsformed 
AAWEBV chimeric vectors can be ^^SShlS^^" ™» M indicates »- the 

The above data are consistent with olasmiri ilT- 7 3 Cel,s for a P er,od of three months, 
situation, the chimeric plasmid Z^tS IT ^ ^ 

reg IO n of EBV as its origin of replication. ° St chromoso ™, Presumably using the oriP 



to Example 4 

Production of Recombinant AAV virus. 
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helper ^trs" .™ -P-on wou,d ensue if the appropriate MV 

chimeric vectors were p'ated ZTS^^T^ ^ Ce " S -ntSngAAV/KV 

These cells were seeded into cultures su^h ha on the dat'of ^ T*™ hcWn » h ™™*™ * 
mately 25-40% confluent on 100-mm cuSure dishes Tn^ h ^ Pr0dUCti0n • the Ce,ls were a PP™- 
infected with adenovirus 2 stocks <S«^io%Z£ Z^l '^T™ ^ theSe 
using ca ,cium phosphate mediated coprecipitati on wJ M T f tranSfeCted Wi,h 20 9 P Bal 

"^rt^^^i^ ,ater - the cy,opa,hic effect o< 

sec pulses of sonicatioa ^ were comp.ete, lysed by two 

's^s^zz ^r^trar pr r: e ot * as — - ^ 

30 was purified by treating the Hir, .ysate with 0 g/m, IteLse K fn n h°k ^ This DNA 

Phenol and phenol.chloroform: isoamyl alcohol [zlz^ Z n extractions with 

ethanol precipitation and used as described For 22 I P ° NA was ,hen concentrated by 
and blotted onto nylon memlJH2^^^ + S, ^ b ^ ? ° NA Was ™ « 0.8% agarose gels 
labeled by the random priming nrthodOP^r^ST^^?* With DNA fra 9™nts 

* the filters were washed at 65-C y^M^ ^^'-^ aqueous "^ridization at Vc 
NaCI. t.SmM sodium citrate ph 7.0 T^^^^SLT^ C ° nC ' Udin9 Wi,h °' 1 X SSC < 15mM 
(type XAR; Eastman Kodak Co. Rochester NY, Aut0radl0 9 ram we re Placed by exposure to X-ray film 

• I?'™ 8 a " alySiS 0f the episornal "a*"* of chimeric AAV/FRV „ to •„ ■ 
weight DNA was isolated from cells using the Hirt o^LfC , P m 293 ce,ls ' sma " ™'ecular 

40 coli strain HB101. Small-scale preparat ons of IlT 9 as , described a °°ve and transformed into E 

colonies. P,asmid ch-.a^^XlJC^^ / CU ' ,UreS ° f *»* bacteri ^ 

When cells contain™ 220ARCM<5v a ™iT *1 ? 2yme ana| y s 'S- 

with p Bal, lytic replicatiofof^^sl 0 ; Z^ZZV^^ *« d 
2-8 kb band which hybridizes to an apoA1 p^^^Ti^T^ by th ° 3PPearance of a 
« ARCMSVapo genome cloned into paoARcSSjSi I f ' S ^ si2e for tne recombinant 

starting a. 5.6 kb. These bands mSJ^mS^S i the rl T Tf * ^ ' tadd8r °' faint 53(1(13 
be intermediates in AAV replication recombinant AAV genome which are known to 

wi-CeTv 3 hXlnctio^ JT^^ClS W dePendem °" ^ - 
o adenovirus and transfected with the rep deletion ™Z«*r~ * ""SS I"* ade " 0virus or in,ected ™* 
Moreover, the amplication of the remnant M? cons^' " 0 A " CMSVa P° Ration was observed. 
AAV/EBV chimeric plasmid. Parental ^^b^^I^* 8 ? depe " dent on the P rese ^e of the 
ARCMSVapo amp.ication ev „ in the preSnce of b^h wi.d t Ltf^ Ch,meriC V6Ct0r showed ~ 
total of six P 220ARCMSVapo,4 and e^eT^^X cZlT^ T ° ^ ^ ^ teS,ed a 
• recombinant AAV construct occurred when the ceHs w^ J ? ^ ' nStance ' re Plication of the 
functions. Moreover, such mmc^^^^^^. 1 ^ adenovirus a " d wild type AAV 
in the EBV vector. Both orientations ,ed ^ ™ ™ ^ 



7 



EP 0 488 528 B1 



w 



P2 2 0ster^^ initiate, in ce„ Cones containing 

presence of adenovirus and wild type Z ^nTltZT °" the simul ^eous 

infected with adenovirus do no contain sTauences n, 2 T ^ Cl °" eS which have been sim P'V 
obse^ if these ce||s are jnfected £ - = ^SXSZ ^ *T r6SU,,S "~ 
-« these adenovirus infected clones are provided both tVreo lnti LT« T 7 ^ PS ° Cap - However ' 
replication of ASMneo occurs as detected by ITl^nJoi IT lTT? ^ ^ P Bal ' ly,ic 
neomycin phosphotransferase gene. This 4 i-kt ^ fraoment^ ^ 1 "? " d wWch hybridizes with the 
genome. Again, 293 cells which do no contain , P d ^ ° f the recomb ™* ASMneo 

4.1-kb band under any circumstances Th^w r ° d ° n0t Show ,he appearance of the 

the two different chim^^ ^^^1 ^ C f° " .° f a /^binant AAV vector can occur from 

to a wide variety of constructs. tyP ,ed a " d ' nd,Cates that ,his Phenomenon is applicable 
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Analysis of transfected cells for recombinant events 
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^TisTzxf^ r p r Mn r, have an ^ 1350 — °< - *» 

which is used to supply the rep and LSid aav f ? and caps.d functions of AAV. The plasmid p Bal 
deletions of 121 " *** ** 3 " MV 5equences '° 

for the cis functions r*^^?^^*!""* ^ MV construct in P Bal is defective 
whether .combinational events^cc^^^ qu8 * n in these - 

AAV genomes. 9 recombinant AAV repl.cat.on to generate replicating wild type 

^^ZZT^t^S^T^^^ 15 ' <* P220S — were 
transfectants were made and analyzedTor LCsence of reZT ^7 * eXtraCtS 0f these 

As outlined above, such treatment of the MV/EBV ° f ™ omb,nant "W AAV sequences, 
the recombinant AAV construct a ^6e^T^ J^ "TJ ^ ^ MuC ° S am P"«cation of 
of 2.8 and 4.1 kb . When these Le Southtn hint 3PPearanCe of ,he appropriate recombinant genomes 
corresponding to the 4.7- k b Zl ype ^^SJ^aT^ ^ 9 ™' "° 
observed correspond to those from residual Ba olasmW II * hybr,d,zin 9 sequences sometimes 
Support for this conclusion comJl^^tZ^ T "T 8 °" the Ce " S after ^nsfection. 
P Ba, bands can a.so be 6tm^^£S^^!T W*"* nicked, and iinear 

greater than 10,000-fold amplification of t * iclS MV ,he 
wild type genome can be observed. re comb.nant AAV construct, no detectable production of the 

Example 6 

tolyste o, ..comoinan! AAV «u. p ^^H 6y „ mm „, „,. 

* ess ssr- "r.* bom Menroi " js ~ ~ — 

leukemia line. ^ •xpoJ^STLfST "-I*™""'*. K562 cells, 1,0m a human 
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Table 1 



Infection Efficiencies Produced by Recombinant AAV Stocks. 


220SMneo Cell Line 


% of K562 Cells Infected 


EXPT 1 


EXPT 2 


EXPT 3 


clonel 


0.04 






clone2 




0.03 




clone3 


0.5 






clone4 


0.7 


1.0 




clones 


0.0 


0.0 




populationl 


0.8 


0.0 




cloneA' 






0.15 


cloneB' 






0.10 


cloneC 




0.05 




cloneD' 






0.10 


populationl ' 






1.0 



Eleven of the cell lines tested produced recombinant AAV virus which was capable of infecting K562 
cells and stably producing G418 resistant K562 clones. Infection efficiencies varied somewhat from 
experiment to experiment ranging from 0.0.04 to 1.0%. There was also some variability in the viral titers of 
stocks produced from the various p220SMneo cell clones. For instance, recombinant virus stocks produced 
from cell lines 220SMneo4 routinely produced higher infection efficiencies than those from the other cell 
clones. 

Recombinant virus produced from p220SMneo and p220ARCMSVapo15 clones are also capable of 
coinfection. K562 cells were coinfected with ASMneo and ARCMSVapo stocks that were produced as 
described above. G418 resistant clones were selected, pooled, and screened for the secretion of 
apolipoprotein A1 . In one such experiment, these and control K562 cells were labeled with 35S-methionine, 
and the cell culture supernatant was immunoprecipitated with a polyclonal anti-apoA1 antibody. Briefly, 
coinfected cells were labeled for 4 days in standard medium containing 200 Ci 35S-methionine. At this 
point, the culture medium was cleared of cells by centrifugation and incubated with 100 I of protein-A- 
conjugated agarose beads (Repligen) which had been previously coated for 3 hours with an excess of anti- 
human apolipoprotein A1 rabbit antiserum (Boehringer Manheim). The cell culture medium bead mixture 
was incubated overnight at 37 *C using gentle rotation. The following morning, the beads were collected 
and washed two times by centrifugation. Bound proteins were released using Laemmli sample buffer and 
analyzed on 15% SDS/PAGE gels according to the method of Laemmli, U.K., Nature (1970) 227: 680-685. 
Cell culture proteins which were immunoprecipitated were visualized by autoradiography. 

Analysis of the immunoprecipitates indicates that Apolipoprotein A1 was secreted from the cells 
coinfected with the two viral stocks. Control K562 cells did not secrete this protein. These combined 
experiments indicated that recombinant AAV virus produced by this simplified method can be used to easily 
transduce one or two genes into single cells. In the context of these vectors, the transduced genes can be 
properly expressed and their proteins appropriately targeted to various cell compartments. 

Claims 

1. A recombinant plasmid vector, comprising in the order given in the 5'-3' direction: 

an Epstein Barr nuclear antigen (EBNA) gene, an Epstein Barr virus (EBV) latent origin of 
replication (oriP), and a recombinant adeno-associated virus (AAV) vector comprising exogenous 
genetic material and lacking a functional AAV rep gene. 

2. A vector according to claim 1 wherein th plasmid vector comprises a detectabl genetic marker. 

3. A vector according to claim 2 wher in the genetic marker is an antibiotic resistanc gene. 

4. A vector according to claim 3 wherein the antibiotic resistance gene is located in the AAV vector. 
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7. 



8. 



9. 



* "JT^Zl"^ 3 *** "** " •» * - - plasmid 

vecto outtfd. the AAV JScut. * SeCoM 9e " 91,e ma,te ' ta » d i" *• Ptemid 

9. A method for producing AAV vectors, which comprises- 

(EB^'^TdSsca r:r materiai int ° an ^ * • 

comprises in the order given in th S'T Tit B " 3 recombinant P"asmid vector which 

Epstein Barr virus ^Zrt^inrtrtZT ? S*™ *" ^ < EBNA > 9 ene - an 

growing the transfected cell line in a cell growth medium- tranSfecled ce " l,ne ' 

luncSSS ^ tranSfeCt9d h ° St With 3den0VirUS ^ Wi,d -*P* adeno-associated virus helper 
isolating the AAV vector from the cell growth medium. 

PatentansprUche 

Epstein-^-Wus 1316,116,1 ^°^>^ W *» 

exogenes genetischls Serial urnte^ — 

2- Vektor nach Anspruch 1. worin der P.asmidvektor einen detektierbaren genetischen Marker umfaBt. 

3. Vektor nach Anspruch 2, worin der genetische Marker ein Antibiotika-Resistenzgen ist. 

4- Vektor nach Anspruch 3. worin das Antibiotika-Resistenzgen in dem AAV-Vektor .okalisiert ist. 

5 " S^'SSS? * W ° nn Antibi0tika - R «^ten 2 gen in dem P,asmidvektor auBerhalb des AAV- 

sTein n A„^X^i r etiS r ^ ^ ^ P ' aSmidveW - 

Plasmidvektor ^r^Z^s Z^Z^ * ^ *" h d ° m 

S^ur^^ ^ «*" AAV-Vektor ferner ein funktionierendes 

^-^itissr.r der ™ n,e ™ r * — 

Verfahren zur Herstellung von AAV-Vektoren, umfassend- 

«™. (EBV) tnd eindn JLL, J' Z^S^TJSJZJ T JT"^ 
9 nslfcche Mat da, um fa8, urt d m i„ taw™*. ^ , X M« *" <i '"' 9e '" 1 
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Transfizieren einer Wirtszellinie mil dem EBV-Plasmid um eine transfix ■ k 
Heranzuchten d er transfizierten ZeHinie in einem Z*CZ£ST ° her2USt8,len; 

H^ZZ:T Zienen WirtS2e " e ^ Ad6n0VirUS ^ Wi.dtyp-Adenovirus-assoziie.en Virus- 
Isolieren des AAV-Vektors aus dem Zell-Wachstumsmedium. 

Revendlcatlons 

1. Vecteur plasmidique recombin<§, comprenant dans I'ordre donn<§ dans la direction 5'-3' • 

^^T^ r :^ n Barr r A) - une ° ri9ine de ^ W 

2 ' dTecta r b r n ' a reVendiCa,i0 " 1 danS *** * -teur p,asmidi q ue comprend un marqueur genetique 
3 " a V :S q r e ' 0n 13 reVendiCati ° n 2 ^ ' eqUel 18 ^netique « «" 9ene de resistance a un 

4 * TeZlSZv. reVendiCati ° n 3 danS ' eqUel 16 Qhn * de r6siSta " Ce » «" -«^« q ue est loca.ise dans .e 

9 ' """"f" 0 " d6 VaC,8, " S de MV - """P""" * <"P" consign, 5 

depourvu da gene rep de AAV fonc«onne. ^ ° mPrenant b matene ' 9<§n(§tique exo 9 fene et 

c*X£^"^ de Ce " UleS h6teS — 16 ^ de ™ Pour Produire une lignee 
cultiver la lignee cellulaire transferee dans un milieu de croissance cellulaire- 

2£ J££ T '™ ~ ^™ 91 deS ^ «— • * *» 

isoler le vecteur de AAV a partir du milieu de croissance cellulaire. 
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